 2  7 
This site has been employed in a chronic trampling experiment and has been described in 1 0 3 detail previously (Kuske et al., 2012; Steven et al., 2015) .
0 4
The sampling date was October 26 th 2012, the most recent previous precipitation 1 0 5 event was two days earlier, registering as a trace event (too small to measure) and the 1 0 6
year to date precipitation was 6.6 cm, about 35% of the normal year to date average; so 1 0 7 the biocrusts were dry at the time of sampling. Samples were collected from the plant 1 0 8 interspaces from areas visibly devoid of mosses and lichen to focus on cyanobacteria-1 0 9 dominated biocrusts. The biocrusts were defined as the layer of soil bound together by 1 1 0 the cyanobacterial filaments (generally ca. 1 cm depth) and the below-crust soils were the 1 1 1 unbound soils directly below at about 2 cm depth. For wetting, three approximately 13 mm soil diameter cores of ca. 2 cm depth 1 1 5 were collected and placed in a Petri dish and 25 ml of sterile distilled water was added 1 1 6 from the top, simulating a rainfall. This volume of water is approximately equivalent to a 1 1 7 5 mm precipitation event (based on the volume of the Petri dish). This is within normal 1 1 8 precipitation amounts for the region (Hereford and Webb, 1992) . The purpose of placing 1 1 9 the sample in the Petri dish was to limit the lateral diffusion of water to maintain a 1 2 0 consistent wetting treatment between samples. While the Petri dish would not allow for 1 2 1 drainage, given the volume of water compared to the volume of biocrust (5 mm water 1 2 2 depth compared to 2 cm soil depth) it is unlikely that a significant amount of drainage 1 2 3 would have occurred, particularly in the short duration (1 hour) of the wetting pulse. Dry samples (ca. 10 g) were collected immediately and placed separately into a 1 2 7 50 ml solution of RNAlater (Sigma-Aldrich) and directly stored on dry ice. For the 1 2 8 wetted samples, soil cores were collected and placed in Petri dishes, wetted, and after 1 1 2 9 hour of incubation in the field, the biocrust and below-crust samples were separated and 1 3 0 individually placed in RNAlater and stored on dry ice. After collection, samples were 1 3 1 transported frozen to Los Alamos National Laboratory for processing. significantly reduced in trampled soils as assessed by the abundance of nitrogen fixation 4 1 0 transcripts in the trampled soils ( Fig. 6 ). However, these data only consider dry soils and 4 1 1 a brief wetting pulse; perhaps the wetting threshold for activity of diazotrophic organisms 4 1 2 in trampled soils is larger and thus requires a longer or larger wetting pulse. Yet, these 4 1 3
data could also go some way to explain why biocrusts were generally unresponsive to 4 1 4 inorganic nitrogen additions (Mueller et al., 2015) . Perhaps a more robust response would 4 1 5 be observed with nitrogen addition to disturbed or early-successional stage biocrusts, 4 1 6
where nitrogen fixation potential may be limited.
1 7
In addition to reduced nitrogen fixation, the trampled surface soils also displayed 4 1 8 a dramatic difference in the number of contigs that were altered in abundance due to 4 1 9
wetting in comparison to the biocrusts ( Fig. 8A versus 8B ). No contigs were significantly 4 2 0 enriched in the wet trampled surface soils in comparison to more than 4000 for the 4 2 1 biocrusts. Biocrusts produce an exopolysaccharide matrix and dark pigments that play a 4 2 2 strong role in retaining moisture (Mazor et al., 1996; Rossi et al., 2012) . Well-developed 4 2 3 biocrusts also alter the soil surface properties, increasing roughness and forming 4 2 4 pinnacles, properties that can additionally foster moisture retention and infiltration 4 2 5 (Belnap, 2006) . These properties are visually absent in the trampled soils ( Fig. 1A) , 4 2 6
presumably also affecting the ability of the community to take advantage of a wetting 4 2 7
pulse. In this respect, these data suggest that not only are the trampled soil communities 4 2 8 altered in their metabolic repertoire, but are less able to take advantage of the pulsed 4 2 9
wetting events that control the productivity of these arid soils. stratified, often at the millimeter scale (Garcia-Pichel et al., 2003; Steven et al., 2013) .
3 6
Yet, only a small number of functional bins were identified as significantly different 4 3 7
between the surface and subsurface samples (Fig. 7) . The most parsimonious explanation 4 3 8
for these results is that the cyanobacteria in both soil layers accounted for most of the 4 3 9
transcriptome. The below-crust and trampled subsurface soils both showed a dominance 4 4 0 of sequence belonging to cyanobacteria (Fig. 2 rapid turnover of mRNA is also supported by the differences in the metatranscriptomes 4 7 8
after only one hour of wetting, particularly for the biocrusts (Fig. 8 ). This matches other 4 7 9
observations that short-term transcriptional responses may be overlooked in linking for hydrogenases ( Fig. 9 ,10), specifically uptake hydrogenases (see supplemental tables). has been proposed as a mechanism by which bacteria can maintain metabolic activity 4 9 6 under low carbon availability (Greening et al., 2015) . Thus an active H 2 based 4 9 7 metabolism appears to be operating in the dry biocrusts that may involve a give and take 4 9 8
between the Cyanobacteria and Actinobacteria.
9 9
By the metric of the number of differentially abundant transcripts, the wetting 5 0 0
pulse was most pronounced in the biocrust soils ( Fig. 8 ). Many of the subsystems to 5 0 1 which the contigs were annotated were within central metabolic pathways and machinery, 5 0 2 such a translation elongation factors, ATP synthase, ribosomal proteins, and protein 5 0 3 chaperones ( Fig. 9 ).
0 4
In the biocrusts most of the differentially abundant subsystems were made up of 5 0 5 contigs with members that were identified as both more abundant in the wet and dry 5 0 6
conditions. For example, contigs annotated to bacterial small subunit (SSU) ribosomal 5 0 7 proteins ( Fig. 9 ). It is well established that bacteria scale their ribosomal counts with 5 0 8 metabolic activity (Elser et al., 2003; Steven et al., 2017) . In the dry crusts the enriched 5 0 9
contigs for SSU ribosomal proteins were primarily from groups of Actinobacteria 5 1 0
whereas SSU genes enriched in the wet crusts were primarily cyanobacterial in origin 5 1 1 (Table S2 ). Thus, these data point to different populations being active in the wet and dry 5 1 2 conditions. Specifically, this is consistent with cyanobacteria becoming more active in 5 1 3 the wet biocrusts. Concurrently, an enrichment of photosystem I, II, and phycobillisome 5 1 4
genes supports a rapid recovery of the cyanobacteria and the initiation of photosynthesis 5 1 5 ( Fig. 9 ). 5 1 6 5 1 7
Metatranscriptomes and biocrust biogeochemical cycling 5 1 8
A large driver for studying the microbial ecology of soils is to include soil 5 1 9
microorganisms in ecosystem, carbon, and climate models (Reid, 2012) . This requires 5 2 0 that transcriptional abundances correlate with ecological process rates, a relationship that 5 2 1
has not been well established (Moran et al., 2013; Prosser, 2015) . In this study we 5 2 2
focused on carbon and nitrogen fixation, given the large role biocrusts play in these 5 2 3
processes in arid ecosystems (Barger et al., 2016; Sancho et al., 2016) . These 5 2 4 metatranscriptome datasets highlight two significant challenges in relating transcript 5 2 5
abundance to biogeochemical cycling. First, complex communities encode multiple 5 2 6
isoforms of the transcripts for proteins in the selected biogeochemical pathways (Table 1; 5 2 7 same pathways, as well as the potential for a single genome to encode multiple gene 5 2 9 copies that may be differentially regulated under different environmental conditions 5 3 0 (Allison and Martiny, 2008; Misra and Tuli, 2000) . As a result all transcripts in a 5 3 1 pathway do not respond in concert.
3 2
Another potential confounding factor linking biogeochemical cycling gene 5 3 3 transcript abundances to process rates is an observation discussed previously. A 5 3 4 significant response to the wetting was that particular bacteria increased their transcripts 5 3 5
for ribosomal proteins, presumably leading to elevated cellular ribosomal content ( The data presented here suggest that metatranscriptome sequencing can identify 5 4 8 differences in biocrust communities in response to perturbations that occur over 5 4 9
dramatically different time scales. Chronic physical trampling carried out over 17 years, 5 5 0 alters the metabolic potential of the community as well as shaping the response of the 5 5 1 community to a wetting pulse. In contrast, a short durational wetting pulse of 1 hour is 5 5 2 also sufficient to alter the metatranscriptome. The biocrust communities respond rapidly 5 5 3
to a pulse of water, with the cyanobacteria ramping up protein synthesis and 5 5 4 photosynthesis genes. Taken together, these observations support that chronic trampling 5 5 5
induces shifts in the structure and function of the soil communities that could not be 5 5 6
assessed at a visual scale alone, which is often used to asses biocrust health and function 5 5 7
(e.g. Belnap et al., 2008; Miller, 2008; Ferrenberg et al., 2015) , thus highlighting the 5 5 8
importance for the role of molecular microbial ecology tools in characterizing biocrusts 5 5 9
and the response and resiliency to ecosystem disturbances.
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